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What makes a living system a living system? 
What kind of biological phenomenon is Üie 
phenomenon of cognition? Tliesc two questions 
nave beeu frequently considercd, bul, ¡n Ibis 
volume, thc authors considcr tlicm as concrete 
biological questions. Their analysis is bold and 
provocative, for Ute authors have constructcd 
a systematic theoretical biology wltich attcmpts 
to define living systcms not as objccts of obscr- 
vatlon and description, ñor cvcn as interacting 
systems, bul as sclf-contained unities whose 
only reference is to thcinselves. The consequence 
of their invesligations and of their living systems 
as self-inaking, self-rc fcrring autonomous 
unities, is tliat tlicy discovcrcd that thc two 
questions liavc a coniinon auswcr: living 
systems are coguitivc systems, and living as 
a process is a process of cognition. The rcsult 
of their invesligations is a complctcly ncw 
perspectlve of biological (human) phenomena. 
During thc invesligations, it was found that a 
complete linguistic description pertaining to the 
‘organizaron of Üie living’ was iacking and, 
in fací, was hampering thc reporting of results. 
Henee, the authors have comed the Word 
‘autopoiesis’ to replace the expression ‘circular 
organlzation’. Autopoiesis conveys, by itsclf, 
the central featurc of the organization of the 
liying, whiclt is autonomy. 

Audience 

As the book is the rcsult of leaching activitics 
in Chile, Nortli America, and West Gcrmany, 
It is emincntly suitable as a lexl for advanccd 
courses in biology. It can also be used as 
supplemeutary rcading for courscs in psychol- 
ogy, neurobiology, and philosophy of scicncc. 
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Tliis is a bold, brilliant, provocative and puzzling work. It demands a radical 








EDITORIAL PREFACE 


Maturana Is pcrhaps best known tu (lie philosophcr and the scicnlific 
nonspcclallst as a co-mithor of liic clnsslc 1959 papcr ‘Wliat (tic Frog’s F.yc 
Tells tlie Ftog’s Braln’ (with Lettviu, McCulloch and Pilis). Sincc llicn, lie 
lias worked on the anatomy and ncuropliysiology of visión, especially on 
color visión, lie lias also been (cacliing medical sludenls. The problcms and 
puzzles whicli emerged in bis rcsearcli and teaching led Maturana to develop 
a distinctivcly alternative tlieoretical framework in order to answer tiie ques- 
tlons, ‘What is a Living System?’ and ‘Wliat is Cognitlon?’ The consequence 
of his investigations, and of his construction of living systems as self-making, 
self-referring autonomous unitics, Is that he discovered that the two questions 
liave a cominon answer. lie writes, “Living systcins are cognitive systems, and 
living as a process is a proccss of cognilion.” 

We are very plcased to Introduce this major thcorctical work in the Boston 
Studics in the Philosophy of Science. The integration of biológica! theory, 
formal construction, epistemology (and, further, Maturana’s suggestions of 
the nature of intcractlng systems as a kind of biológica! sociology, and his 
sketch of the ethical iinpiicalions of sucli a construction) - atl mark lliese 
two studies as among the most original attcmpts at a systematic biology in 
decades, and as a profoundly philosophical work. 

Canter for Philosophy and ¡listory of Science roiiert s. COHEN 
Boston University M A R X W. W A RTO FS K Y 

July, 1979. 
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FOREWORD 


Everything that I say ln the introduction Is my exclusive responsibiiity. 
Francisco Varela has been generous enougii to grant me this freedom in what 
concerns the essay that we wrote togellier. His views about it he expresses 
fully and independently in his book Principies of Biological Autonomy, 
published by Elsevier-North llolland, New York, 1979. 

Also, 1 wisli to acknowledge the subtle debt which the contents of this 
book owe to the many illuminating conversations about all the topics here 
contained that 1 have had over more tiran fourteen years witli my dear friend 
l’rofessor Félix Schwartzinann, of the University of Chile. 
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RepicsenUllon of lile cellulat autopolctlc nelwork. 

All aitows llut do nol cioji Ihe boundaiy of llie represented unily Indícale production 
teUllons. The unifotmly sliadcd arcas, including lile boundary linc and llic wedgos, 
togetlicr willi llie ñames. Indícale conslilullvc telalions. The general form of closure wltli 
respecl lo producllon and conslllulion in a rcciirsivc nelwork rcalizcd as a concrete 
unily llirougli llie prefctcnllal telalions of llie componcnls wllliln Ihe nelwork, indícale 
order telalions and llie conscqucnl cleavage of llie nelwork as a simple unily froni ils 
médium. The wliolc rcprcscnls a elosed nelwork of produclions, bul ihe arrows across 
llie dcplctcd conslilullvc boundary of llie nelwork indícale llie ncccssary nialcrial 
openness of llie syslcm as il rcalizcs llie physical spacc. 


In this introduction I wisli to make some comments in relation to (he two 
essays that make lilis book, bul in order lo do so I musí, al least in parí, wrile 
about liow lliey carne into being. 

HISTORY 

Since my childhood 1 have been interested in animáis and plañís, and 1 fre- 
qucntly askcd myself wliat made tlicin living. Tlius, in 1948, in my first year 
as a medical student, I wrote a poem whose first slanza was: 

“¿Qué es la muerte para el que la mira? 

¿Qué es la muerte para el que la siente? 

Pesadez ignota, incomprensible, 
dolor que el egoísmo trae, para ése; 
silencio, paz y nada, para éste. 

Sin embargo el uno siente 
que su orgullo se rebela, que su mente 
no soporta que tras la muerte nada quede, 
que tras la muerte esté la muerte. 

El otro, en su paz, en su silencio, 
en su majestad inconsciente siente, 
nada siente, nada sabe, 
porque la muerte es la muerte 
y tras la muerte está la vida 
que sin la muerte sólo es muerte.” 

What is dealh for llie beholder? / Wliat is dcath for Ihe dying? / A welght 
beyond knowledge or understanding, / A pain for llie self-asserting ego, for 
tlie one; / For the otlier, silence, peace, and notliingness. // Yet tlie one feels 
bis pride in anger / And in bis inind he does not accept / That beyond death 
notbing should arise, / And that beyond death / There should be only death. 
II The otlier, in bis silence, / In his unknowing majesty feeis, / lie feels noth- 
ing, he knows nolhing, / Uecause death is dcath / And life wilhoul death is 
only cmplincss. // 
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The poem is not a vcry good one, yet it contains the Impliclt question: ‘What 
klnd of Systems are living Systems (liat tliey may dic, and how come that they 
cognize?' 

In 19S4 I went (o study biology ¡n England and the U.S.A., and wlien I 
returned tu Chite In 1960, after slx ycars of stndy and rcscarcli abruad, I 
began to work at the Medical Sclioul of the Univcrsity of Chite in Santiago as 
a research associate in the Department of Uiology. Tlicrc I was involved in 
two kinds of activitics; I collaboratcd in tcaching a coursc in general biology 
for the medical students, and I did research in the fields of ncurophysiology 
and neuroanatomy. In my tcaching iny responsibility was to convey to the 
medical students some understanding of the organizaron of living Systems as 
autonomous cntitics, as well as soine understanding of their possiblc origin 
on carth. In my research I wanted to apply to the study of form and color 
visión in birds the same approach that J. Y. Lcttvin and I liad used in the 
study of form visión in the frog. 

1 soon discovcrcd tluough my tcaching that the central question that the 
students would always ask was: ‘What is proper to living Systems that liad its 
origin wlicn they originated, and has remained invariaut since (lien in the 
succession of their gencrations?' At the same time I soon realizcd in my 
research that my central purposc in the study of color visión could not be 
the study of a mapping of a colorful world on (he nervous System, bul ratlicr 
that ¡t liad to be the understanding of the participation of the retina (or 
nervous System) In (he generation of the color space of the observer. 

As a rcsult of (líese different activitics I entered a situation in wliicli my 
acadcmic lile was divided, und I oiicnlcd mysclf in searcli of the answcrs lo 
two qucstlons that sccmcd (o lead in opposite directions, naniely: ‘Wliat is 
the organization of the living?’ and ’Wliat takes place in the plienomcnon of 
perceptlon?' 

Let me speak about how I faced tlicin. 

Finí Question: What is the organization of the living? 

Wlien this question was first asked by the students, although it was (he same 
question that liad been lurking in my miud for many ycars, I could not answer 
it. I liad prepared mysclf for this nionicnt, bul wlicn it cante and I tried to 
answer it in a nianncr satisfactory for the students I realizcd that I liad lo 
tliink everything ancw. I could speak about form and function and astonish 
my students and myself at the hanuony of nature, exalting the ntness of the 
cnvlronmcnt and the fitucss of the individual. I could claim that (he question 
was a vcry difflcuit one and that it could not yet be answercd duc to our 
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insufficient knowledge. We liad to accept that we could recognize living 
Systems when we encountered them, but that we could not yet say what they 
werc. I could enumérate features of living Systems sucli as reproduction, 
heredity, growth, irritability, and so on; but, how long a list was nccessary?; 
wlicii would the list be complclcd? In order to know wlien (he list was com- 
plctcd I had to know what a living systcm was, wliicli was, in fact, the question 
that I wanted to answer in the first place by producing such a list. I could 
speak about adaptation and evolution, aboutdevelopment and differeritiation, 
and show how all these phenomena wcre tied together by the phenomenon of 
natural selection; but the question: ‘What was the invariant feature of living 
Systems around which natural selection operated?’, remained unanswered. 
Every approach that I could attempt and that I did attcmpt left me at the 
starting point. 

Yet I obviously had some inkling of what was the correct answere, because 
I rejccted the unsatisfactory ones. After scveral years of these various at- 
tenipts I realizcd that the difíiculty was botli epistemológica! and linguistic, 
and that botli my wife and my oíd professor, J. Z. Young, were riglit: one can 
only say witli a given language what the language permits. I had to stop look- 
ing at living Systems as open Systems defined in an environment, and I needed 
a language that would permit me to describe an autonomous System in a 
nianuer that retained autonomy as a feature of the systcrti or entity specified 
by the description. In other words, any attempt to cliaracterize living Systems 
witli notions of purpose or function was doomed to fail because these notlons 
are intrinsically rcfcrcntial aud cannot be operationally used to cliaracterize 
.any systcm as an autonomous entity. Thcrcfore, notions of purposc, goal, use 
or function, had tobe rejectcd, but initially I did not know how. Accordingly, 
I tried in my lectures several approaches in order to find a way of speaking 
about living systems in a manner that would grasp their autonomy as a phc- 
nonienon of their operation as unitary systems. Tlius, eventually, I made a 
distinction between what I called sclf-referred and allo-referred systems, a 
distinction that separated systems that could only be characterized with 
reference to themsclves, such as living systems, from systems that could only 
be characterized with reference to a context. I did this in order to emphasizc 
that whatever took place in living systems as living systems, took place as 
neccssarily and constitutivcly dctcrmlned in relation to themsclves because 
their being defined as unitics through self-rcferencc was their inanner of 
autonomy; and that whatever took place in other systems took place as 
constitutivcly determined in relation to the context with respect to which 
they wcre defined as unitics. This way of speaking was not fully satisfactory 











my prescnlatioi 





Cognition', in an allcmpl lo show ilial aulopoicsis is neccssary and sufficicnt viewcd only in rclalion lo tlicir participation in the cons 

lo chuiaclcrizc lile oigailization of living syslcms, and Ilial glven lite proper (wliolc) lliul Ihey Intégrate. Tliis is why nothing Is sald In 

hlstoiicul coiilingcnclcs une can derive all llic hiological plicuonienology froni lies dial (lie coniponcnls of a particular unily niay hai 

(lie charactcrizalion of living syslcms as anlopoiclic syslcms in llic pliyslcal required by llic rcalizalion of llic organizaron of tlic unit; 



: a conccssion wliicli I liave always regretted. I subniitled to tlic sepárate the tcrnis wilh complete rigor. Also, because it was not written 

iny frieuds and lalkcd aboul causal relalions wlien speaking about under the supposition Ilial the reader had read the ‘Uiology of Cognition’, the 

organkalion of living syslcms. To do tliis was bolh itiadequalc cssay js 1(ot f u j|y c | ear concerning (he validity of the statement "Everything 

ing. II was inadcqualc because the nolion of causalily is a nolion said is sai( , by a|| obscrver >* j„ rc lation to the dislinction between characteri- 







independen! systems (lia!, by 
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an obscrvcr may say by consldcrlug Ibc wliolc tliat VI’ Controls llic produc- 
Hon 0 f 'ir. 'A', '/I', X" and ¡iilcract through relations of contignity in 
(he phcnomcnai domain lliat tlic componcnts define. Rclations sucli as 
regulation, control or function, thcrcfore, are not rclations of contignity, 
they are rcfercntial rclations spccillcd by thc obscrvcr who puts l.iinsclf in a 
inetadoinain of descriplions by uslng bis vicw oí the wliolc as a refcrence for 
his descriplion of the participalion oí thc componenls that he describes in 
the constilulion of the coniposile unity. 

“Evcrything said is said by an observer.” This 1 say in the ‘Biology of 
Cognition’. The fundamental cognitlvc operatlon that an observer perfonns 
¡s the operalion of dlstlnction. By nicans of this operalion thc observer spcc- 
ifies a unity as an cntity dislinct froni a buckground and a background as the 
domain in wliich an cntity is distinguished. An operalion of distinction, how- 
ever, is also a prcscriplion of a proccdiirc which, if carried out, severs a unity 
froni a background, rcgardlcss of thc proccdure of distinction and rcgardlcss 
of whether thc proccdure is carricd out by an observer or by anotlicr entity. 
Furthcrmorc, thc prcscriplivcncss of an operalion of distinction implics a 
universal phcnomcnalism of distinctions which, through thc spccirication of 
ncw proccdurcs of distinction or through their lec.irsivc npplicalion in thc 
reordering of thc distinguished culilics, can, in principie, cndlcssly give rise 
to new simple and compositc iinilics, and, henee, to ncw iion-inlcisecling 
phenomcnal domains. Tluis, although a distinction performed by an obscrvcr 
is a cognitive distinction and, slrictly, the unity tluis spccificd exists m Iris 
cognltivc domain as a descriplion, thc obscrvcr in his diseñarse spccifics a 
metadomain of descriplions from thc perspeetive of which he cstablislrcs a 
referencc that allows him lo speak as if a unity, simple or compositc, existed 
as a sepárate entity that he can charactcrize by denoting or connoling thc 
operations that must be performed to distinguish it. 

in thc perspeetive of a dcscriptivc metadomain the distinction between thc 
characlcrization of a unity and the obscrver’s knowledge of it that permits 
him to describe it in a contcxl, sltould be clcar. In fací, knowledge always 
implics a concrete or conceptual aclion in somc domain, and thc rccoguition 
of knowledge always implics an obscrvcr that beholds thc acliott from a meta¬ 
domain. Thcrcfore, wltcn an observer claints kttowledge of a syslctn, he claints 
lltal he can define a metadomain from thc perspeetive of which lie can simiil- 
laneously bcliold thc systcm as a simple unity, describing its intcractions and 
relalions as a simple unity, and its componenls as componenls, describing 
their intcractions and rclations as componcnts. In these circiimslanccs it is 
legitímate to distinguish between thc characterizalion lliat an obscrvcr malees 
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of a unity, cithcr by pointing to its propcrtics If it is a simple unity, or by 
pointing lo its orgaiiization if it is a compositc one, from the knowledge 
aboul a unity that lie reveáis, cithcr by describing its operalion as a simple 
unity if it is a simple unity, or by describing botli its operalion as a simple 
unity and (lie operalion of its componenls if it is a compositc entity. In either 
case, however, the knowledge that an observer clainis of the unities that he 
dislinguishcs consists in his handling of tlieni in a metadomain of descrip- 
tions witli respcct to the domain in which he characterizcs thein. Or, in otlier 
words, an observer characterizes a unity by stating the conditions in which it 
exists as a distinguishablc cntity, but he cognizes it only to the extent that 
lie defines a metadomain in which he can opérale witli thc entity that he 
charactcrized. 

Tlius, autopoicsis in thc pltysical space characterizcs living systcms because 
it determines thc distinctions that wc can perform in our interactioris wlicn 
we spccify thein, but wc know tlieni only as long as we can botli opérate witli 
their internal dynatnics of States as composite unities and interact with tliem 
as simple unities in thc environinciit in which we beltold tliem. The fact lliat 
the characterizalion of an entity is also a descriplion made by (lie observer, 
and as sucli also helongs to his dcscriptivc domain (‘Biology of Cognition*), 
docs not invalídate thc operational cffcctivcncss of thc distinctions upon 
distinctions that constituios the metadomain of descriplions in which the 
cognitive slatcmcuts are made. The entity charactcrized isa cognitive entity, 
but once it is characterized the characterizalion is also subject to cognitive 
distinctions valid in thc metadomain in which they are rnade by treating the 
characterizalion as an independent entity subject to contextual descriplions. 
Therefore, the complementarities sysícm/euvironiiient, autonomy/control, 
totality/coinposition, etc., are complciiieutarities only in our cognition of a 
systcm that wc observe in a contexl that allows us to establish sucli relations, 
but they are not constitutive fcatures of the referred system because they do 
not particípale in its coustitution througli thc interplay of the properties of 
its componenls. Accordingly, that one should not be able to account for or 
deduce all actual blological phenomena from the notion of autopoicsis with- 
oul resorling tohistorical contingencies, is not a shorlcoming of sucli a notion. 
On thc conlrary, it is to be expcctcd because the notion of autopoiesis only 
characterizcs living Systems as aiitonouious cnlitics that can be distinguished 
as coniposilc unities realized through neighborhood relations; 

Finally, I would like to add some sociological and cthical comments that 
l considcr follow from thc understaiiding of thc autopoietic organization 
of living systcms. The essay on autopoiesis was supposcd to liavc a sccond 






stituting and ¡iilegruting a systcn» 



ceplcd, tlicn onc lias lo accepl llie following implications: 
ation of tlie autopoiesis of the components of a social sys- 







(6) A social syslem is esscutially a conscrvalive systcm. 'litis is so bccausc tory oí lite sociely lliul il integrales. Tliis is wliy social crealivily, as l 

is gcncralcd througli Clic inCcraclions of slniclurc-dclcrniiiicd nutopoiclic generación of novel social rclalions, always cnlails intcraciions opcraCional 

stems apd opérales as a médium dial sclccls (lie palli ol oiitogciiic struclural oulsidc Clic sociely, and ncccssarily Icads lo Che generación, by Che creali 



■ socieiies lo wiiicli wc bclong. A sociely, 
syslem tliat stabilizes ihe relalions lliat 
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BIOLOGY OF COGNITION 


I. INTRODUCTION 

Man knows and liis capacity to know depends on his biological integrity; 
furthermore, lie knows that he knows. As a basic psychological and, henee, 
biological function cognition guides his handling of the universe and know- 
ledge gives certainty to his acts; objective knowledge seenis possible and 
through objective knowledge the universe appcars systeinatic and predictable. 
Yet knowledge as an experience is something personal and prívate that cannot 
be transferred, and that which one believes to be transferable, objective 
knowledge, must always be created by the listener: the listener understands, 
and objective knowledge appears transferred, only if he is prepared to under- 
stand. Tlurs cognition as a biological function is sucli that llic answer to the 
questiou, 'Wliat is cognitionV must arise from understanding knowledge and 
the knowcr through the latter’s capacity to know. 

Sucli is rny endeavor. 

Epistemology 

The basic claim of Science is objectivity: it attempts, through the applicatlon 
of a well defined inethodology, to niake statenients abóut the universe. At 
the very root of litis claim, however, lies its weakness: the a priori assumption 
that objective knowledge constitutes a description of that which is known. 
Such assumption begs the questions, 'What is it to know?' and 7 low do we 
knowT. 

Biology 

(a) The greatcst hindrance ¡n the understanding of the living organization lies 
in the ¡mpossibility of accounting for it by the enumeration of its properties; 
it must be understood as a unity. Uut if the organism is a unity; in what sense 
are its component properties it parís? The organismic approach does not an- 
swcr Ibis questiou, it uicrcly réstales it by insisting that tlicro aro elcinents of 
organization that subordínate cacli part to the wliole and make the organism 
5 
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a unlty [Cf. Ucrtalanffy, 1960). The qucslions 'iiow (loes lilis unity ariseT 
and ’To wlial extern musí it be comidered a property uf Ihe orgnnizalion 
of lite organism, as opposcd lo a property emerging from ils mode of lifcV 
rentain upen. A similar dilTiculty cxisls fur (lie underslanding of (lie func- 
tional organización of (lie nervous syslem, particularly if one considere (lie 
higlicr funclions of man. Enumeration of (lie (ransfer functions of all nerve 
cclls would Icave us witli a lisl, bul not will» a syslem capable of abslracl 
tliinkiiig, dcscription, and sclf-dcscription. Sucli an approacli would beg (lie 
qucstlon, ‘Iiow docs tlic living organizado/! give rise lo cognilion in general 
and lo self-cognition in particular!' 

(b) Organisnis are adapted (o (lieir envlroninciits, and i( lias appeared ad- 
equale lo say of tlicni lliat llicir organizatioii represents (lie ‘environment’ 
in wliich they live, and dial llirougli cvolulion tlicy llave accumulated in¬ 
forma (Ion aboul it, coded in llicir nervous systeins. Similarly it lias been said 
dial (he sense organs gatlier iuformalion aboul llic ‘environment’, and through 
learnlng Ibis Information is coded in (lie nervous syslem [Cf. Young, 1967). 
Yet Ibis general view begs (lie qucslions, ‘Wlial docs it mean lo “gatlier 
Information"!' and 'I Vital is coded in tlie gene tic and nervous systcms'V. 

A succcssful tlicory uf cognilion would answcr bullí tlic epislcmological 
and (lie biológica! qucslions. Tiiis I propuse lo do, and llic purposc of lilis 
essay is (o pul forward a dicory of cognilion lliat sliould provide an epis¬ 
temológica! Insiglit hito tlic plicnomcuoii of cognilion, and an adequate view 
of (lie functional organization of (lie cognizanl organism IllaI gives rise (o 
such plicnomcna as conceptual tliinking, language, and self-consciousncss. 

In wlial follows I sliall not offer any formal dcfinillons for Ihe various 
terms used, such as ‘cognilion’, ‘life’, or ‘interaction’, bul I shall let llicir 
meaning appcar through llicir usage. Tiiis I shall do bccausc I am confidcnl 
(ha( (lie internal consistcncy of (lie (licory will show lliat (líese (erms indeed 
adequatcly refer lo Ihe phenomena I am trying lo account for, and because 
1 speak as an observer, and die validity of wlial I say al any ntoment has ils 
foundatlun In Ihe validity of die wliole Ihcory, whicli, I asscrl, explains why 
1 can say it. Accordingly, I cxpccl (lie complete work lo give foundatiun lo 
each of ils parís, wliieh llius appcar juslificd only in Ihe perspective of (lie 
whole. 

Nole: I shall be ipcaking of tlic organism as a unlty, bul wltcn I wrole tisis estay I was 
nol awarc dial (lie word unll «lid not ulwnys quito mcun unity. Sílice I caniiot iiow 
corred Ibis. I beg tho rcuder to licar litis In tullid. 


II. THE PROBLEM 


(1) Cognilion is a biological phenomenon and can only be understood as 
such; any epislcmological insight into (he doinain of knowledge 
requires lilis underslanding. 

(2) lf such an insight is lo be atlained, (wo questions mus! be considered: 

Wlial is cognilion as a fuñetion! 

Wlial is cognilion as a process! 

Wlial follows sliould answer (hese lwo questions. 
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III. COGNITIVE FUNCTION IN GENERAL 


THE OUSERVER 

(I) Anytliing said ls said by au obscrvcr. In bis discoursc (lie observer speaks 
(o anodicr obscrvcr, who could be liiiiisclf; whalcvcr applics lo (lie une 
applics (o (be otber as wcll. Tbc obscrvcr is a buinun being, lliat is, a living 
system, and whatever applics (o living syslems applics also (o bim. 

(2) Tbc obscrvcr beliolds simultancously (be entity (bal be considcrs 
(an organism, in our case) and (lie universe in wliicli it lies (llie organisni’s 
environinciit). Tbis allows liiiu (o inlcract independeiilly wi(b botli and (o 
liavc inlcractions (bal are ncccssaiily oulsidc tbc doinain of ¡nteractions oí 
(lie observed entity. 

(3) I( is an attrlbutc of (be obscrvcr (o be able (o inlcract iiulepeiidendy 
witil (lie observed cn(ity and witli i(s rclatious; for bim botli are unils of 
Inlcraclion (cnlitics). 

(4) For (be obscrvcr au entity is an entity wlicn lie can describe il. To 
describe ls to enumérate tbc actual or polciitial inlcractions and rclatious of 
tbc dcscrihcd entity. Accordiugly, tbc obscrvcr can describe an entity only if 
Hiere is at Icasl onc otber entity from wliicli be can dislingtiisb il and witli 
wliich lie can observe il to inlcract or relate. Tbis sccond entity (bal serves 
as a refercnce for tbe description can be any entity, but llie ullimatc refcrcnce 
for any description is tbe observer liimsclf. 

(5) Tbc set of all ¡nteractions into wliicli an entity can enter is ils domain 
of interactions. Tbe set^of all rclatious (inlcractions tbrougb tbe obscrvcr) in 
wliicli an entity can be observed is ils domain of rclatious. Tiiis lallcr domain 
lies witliin (be cognitivc domain of (be obscrvcr. An entity is an entity if it 
lias a domain of interactions, and if tbis domain includcs inlcractions witli tbe 
obscrvcr wbo can specify for it a domain of rclalions. Tbc obscrvcr can define 
an entity by spccifyliig Its domain of interactions; Huís parí of an entity, a 
group of ciitiiics.or tlicir rclatious, can be niadc unils of inlcractions (cnlitics) 
by tbe observer. 

(6) Tbc observer can define liiinself as an entity by specifying bis own 
domain of inlcractions; lie can always rcinain au observer of (líese interact¬ 
ions, wbicb lie can (real as iiidcpcndciil cnlitics. 
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(7) The obscrvcr is a living system and an understanding of cognition as a 
biological phenomenon musí account for the observer and his role in it. 

* 


THE LIVING SYSTEM 


(1) Living Systems are units of interactions; tbey exist in an ambience. From a 
purely biological point of view they cannot be understood indcpendently of 
that part of tbe ambience witli wbicb they interact; the niche; ñor can the 
niebe be dcfincd indcpendently of tbc living systein that speciftes it. 

(2) Living systcms as llicy exist on carlli today are cbaractcrized by 
cxergonic melabolism.growtb and interna! molecular replication.all organized 
in a elosed causal circular process that allows for evolutionary change in the 
way tbe circularily is mainlained, but not for tbe loss of the clrcularity itself. 
Excrgonic metabolism is required to provide energy for tbe endergonic 
synlbcsis of specific polymers (proteins, nuclcic acids, lipids, polysaccliarides) 
from tbe corresponding inonomers, tliat is, for growtli and replication; special 
replication procedures secure tliat the polymers synthesized be specific, that 
tbey sliould have tbe monomeric sequence proper to their class; specific 
polymers (enzymes) are required for tbe exergonic metabolism and tbe 
synlbcsis of specific polymers (proteins, nuclcic acids, lipids, polysaccliarides) 
(Cf. Commoncr, 1965). 

Tbis circular orgunization constitules a homeostatic system whosc function 
is to produce and maintaiu tbis very same circular organization by determin- 
ing tliat tbc components tliat specify it be tliose wliose syntbesis or 
maintcnaucc it securcs. Furtbcrniorc, tbis circular organization defines a 
living system as a unit of interactions and is cssential for its maintenance 
as a unit; tliat wbicb is not in it is externa! to it or docs not exist. Tbe circular 
organization in whicli tbc components that specify it are tliose whose syn¬ 
tbesis or maintenance it secures in a manner such that tbe produel of their 
functioning is tbc sanie functioning organization that produces tliem, is tbc 
living organization. 

(3) il is tbc circularity of its organization lliat inakes a living systeni a unit 
of interactions, and it is (bis circularily that it must malntaln in order (o 
rcmain a living system and lo relain its Idculity tbrougb diffcrenl Interactions. 
All tbc peculiar aspeets of tbc difieren! kinds of organisms are supertmposed 
on Ibis basic circularity and are subservicnt to it, securing its continuance 
tbrougb successive interactions in an always changing environment. A living 
system defines tbrougb its organization tbe domain of all interactions into 
wbicb il can possibly caler wilhoul losing its identity, and it maintains 
its identity only as long as tbc basic circularity that defines it as a unit of 






lies cxdusively in (lie cognilivc domain of (lie observer. Nicho and (2) For a cliangc tu occur in (lie domain of interac 

omnenl llien, ¡ntcrscct only lo Ihe cxlcnl llial thc observer (including inleraclions withoul its losing lis idenlily will. respect lo ti 

umenls)’and tíre organism l.ave comparable organizations, bul even llien suf f« ¡nternal change. Converscly, if an interiial change 
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Interaclions, wilhout lis losing ¡Is idenlily, ¡Is domain of ¡nteraclions changcs. 
A llvlng syslcm suffcrs an ¡nlcrual chango wilhoul loss of idcntily if llic 
prcdictluns broughl fotlh by (he inlcrnal chango are predielions whicli do nol 
interfere wilh lis fundamental circular organizalion. A syslcm changcs ouly if 
its doinain of interaclions changcs. 

(3) After rcproducliou llic ncw unit of interaclions has the same domain 
of Interaclions as tire parcnlal onc only if il has the same organizalion. 
Conversely, llic new unit of inleraclions has a diffcrcnl domain of inleractions 
only if its organizaticn is different, and henee, implies diffcrcnl predielions 
about the niche. 

(4) Predielions about the niche are infcrcnces about classesof interaclions. 
Conscqucntly, particular interaclions which are indislinguishablc for an 
organism may be diffcrcnl for an observer if lie has a diffcrcnl coguilivc 
domain and can describe tlicm as different clcmcnls of a class defined by (lie 
conduct of the organism. The same applies lo interaclions lliat are idcnlical 
for the organism but different for (llave different cffects) its diffcrcnl inlcrnal 
parts. Such inleractions may rcsull in diffcrcnl modificalions of llic inlcrnal 
statcs of the organism and, henee, determine different palhs of changc in its 
domain of interaclions wilhout loss of idenlily. fílese changes may bring 
about the production of offspring liaving domains of interaclions different 
frorn the parcntal ones. If lilis is tlic case and a new syslcm llius produccd 
prediets a niche lliat cannot be actualizcd, it disinlcgralcs; olhcrwisc il main- 
tulns Its Idenlily and a new eyele begius. 

(5) Wliat changcs frorn gcncralion to generalion in the cvolulion of living 
Systems are lliosc aspeéis of tlicir organization which are subservient to the 
maintcnancc of their basic circularily bul do nol determine il, and which 
allow llicm lo rctaiu their idcntily lluough interaclions; lliat is, whal changcs 
is (lie way in which the basic circularily is maintained, and nol lilis basic 
circularily in itself. The iiianncr in which a living syslem is compounded as a 
unit of interaclions, whether by a single basic unit, or through the aggrcgalion 
of numerous such units (thcmsclvcs living syslems) lliat logclhcr conslitnle a 
larger onc (mulliccllnlar organisms), or still through (lie aggrcgalion of these 
compound units lliat form sclf-rcfcrring systcms of cven higlier order (insecl 
societies, nalions) is of no significance; whal evolves is always a unit of inter- 
aclions defined by the way in which il maintains its idenlily. The evolution 
of the living syslems is llic evolution of the niclics of llic units of interaclions 
defined by their sclf-rcferring circular organizalion, henee, the evolution of 
the coguilivc domains. 


COGNITIVE t-UNCTION IN GENERAL 13 

THE COGNIT1VE PROCESS 

(I) A coguilivc syslcm is a syslcm whosc organization delincs a domain of 
inleractions in which il can acl wilh rclcvance lo the maintcnance of itself, 
and llic proccss of cognilion is the actual (induclive) acting or behaving in 
Ibis domain. Living syslems are cognitive syslems, and living as a process is a 
proccss of cognilion. This slalcmenl is valid for all organisms, wilh and 
wilhout a nervous system. 

(2) If a living system enters into a cognitive interaction, its internal State is 
changed in a manner relevan! lo its maintcnance, and it enters into a new 
interaction wilhout |oss of its identity. In an organism wilhout a nervous 
syslcm (or its funclional equivalen!) its intcractions are of a Chemical or 
physical na ture (a mulcculc is absorbed and an enzymatic process is initialed; 
a pholon is cuplurcd and a slcp in photosynthcsis is carricd oul). For such an 
organism the rclalions holding bctween the physical events rcmain outside 
its domain of interaclions. The nervous system eularges the domain of inter¬ 
aclions of llic organism by making its inlcrnal statcs also mpdiftable in a 
relevanl manner by ‘puré rclalions’, not only by physical events; the observer 
sces lliat the sensors of an animal (say, a cat) are modified by light, and that 
(he animal (llic cat) is modified by a visible entity (say, a bird). The sensors 
cliange through physical inleractions: the absorplion of light quanta; the 
animal is modified llirough its inleractions wilh the rclalions that liold 
hclwccn llic aclivated sensors lliat absorbed the light quanta at the sensory 
surfacc. The nervous system expands the cognitive domain of the living 
syslem by making possible inleractions wilh 'puré relations'-, it does not 
créale cognilion. 

(3) Allhough llic nervous system expands the domain of inleractions of 
the organism by bringing into this domain interaclions wilh ‘puré relations’, 
(he funclion of the nervous syslem is subservient to the necessary circularily 
of llic living organization. 

(4) The nervous syslcm, by expanding the domain of inleraclions of the 
organism, has transformed (lie unit of interaclions and has subjeeled acting 
and interacting in llic domain of ‘puré rclalions’ lo the proccss of evolution. 
As a conscqucnce, lliere are organisius that includc as a subset of their possible 
iuteractions, interaclions Wilh their own internal States (as States resulting 
frorn external and internal intcractions) as If these were Independen! entitics, 
gcncrating the apparenl paradox of including their cognitive domain wilhin 
their cognitive domain. In us lilis paradox is resolved by what wc cali ‘abstrae! 
tliinking’, anolhcr expansión of (lie cognitive domain. 





Hay produce dlameler and polariza (ion changes al (he 
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(8) il folio 



lern of impulses travclling along ils distribulivc element, is a funcüon parücipation in determining the production of nerve impulses, and her 

spatio-lcmporal configuralion of its inpnl, as detcrmincd by llie State of activity of the neuron, depends on tlieir relative spatial dlstribu 

activily bolding bclwccn the affcrcnl ncurons, tliat modiilalcs llie *l ,c collcclor area. Iuliibilion works by shunling off the spreading exc 
















ly undcr mauy different circunistances of inlera 
under uu circumstances is it possible (o associa 
lar cell willi auy particular interaction of the 



(2) The sliapes of nerve cells and thcir packing are sucli that títere is in 
neral a' great ovcrlapping in the collcctor and cfrector areas of neurons of 
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entltles, sucli as thoughts, Uiat lie only williin the cognilivc domain of llie aclions can only arisc tlirough a conc 






(b) By orienling lite beba 












Ing bchavior ai a funclion dial ir enhanced ilrongly in 



(2) The process of thluklng ns charactcrizcd abuve Is ncccssarily inde- hccomcs apparent lliat Icnrncd orienting interactlons embody a functlon o 

penden! of langiiuge. lliat lilis Is su even for wlial we cali ’iibstincl llilukiiig' iiun-lingiilstic origin lliat, under a selectivc pressure lor rccursivc applicallon 

ln man Is apparent from thc obscrvalioiis of huiuans wilh splil brains |Cf. can origínale tlrrougli evolulion the system of cooperaüve consensual Inter 

Gazzaniga, ltogen and Sperry, l%5|. Tlicsc obscrvalioiis show lliat Ihc actions bclwccn organisms Ihat is natural language. Particular oricntinj 

lnability of thc non-speaking hemisphere to speak does not preelude in it inleraclions, like any other learned conduct, arise from the substitution o 










llirougli thc dcvclupnicrit oí llic cunscnsual domain of presenl bcliavior by rccall; notwithstanding (bis, the system itsclf 

. Speaking, walking, ur music-making do not diiTer in in tlic presen!, and Cor it learning occurs as an atcmporal process 

rdinated ncurunul proccsscs wliicli spccify tlicm bul In lorinaiioii. An organism cannoi dclerniine in advance wlicn lo ch 











llic pallcrn of spikc invasión al llic brancliiiig polilla of cx|>cr¡cnccs in a living syslcm Uirougli ‘rccognilion wil 

xpcclcd from (lie iclalivislic organizalion ol' lite nervous re presen la tions of lite niclrc. I'irsl inlcraelions llial by 

rlrl residí iu local iiiorpliological and rnnclional cliangcs are nol acconipanicd by llie above incnliuncd concoi 

any particular inlcracllon, bul wliicli pcrniaiiciilly allcr (cmolional coniiolalion of unccrlainty) would be Irea 
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not say ¡11 absolulc tcrms wlial conslilulcs an input (7) We as observers Uve in a domain of discourse Inleracting willi descrip- 

(ibc nervous syslcm of the observer), bccausc every lioiis ofour descriptions in a rccursive maniier,and tbuscontinuously genérale 



(8) If sucli a syslcm Is capablc of discourse, il will genérale llic temporal | ncccssarily crcatcd in eacli inleraclion and, 







íwcvcr, in thc actual bccoiniug of thc living systciu tliis iiulepcndcnce 
píete, on thc one liaud bccause the anatoinical and neurophysiological 
tion of the brain.by dctermining the actual possibilities of confluence 
rcnt States of activlly in it, spccifies both (he domain of possible 
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alomlcal coinponenls It does not llave lunctioiial parts since any niutilatlou 
ves a funcllonlng unil, willi different properties as expressed by its possible 
eractlons, bul a unil In Ihe corresponding domain. II appears Incomplete 
ly for Ihe observer who beholds it as an entily from Ihe perspeclive of 
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«ay genérate ihe elements of another üomain, 







niscs); being hinisclf a rclativistic sclf-rcfcrring dctcrinlnlstic syslcin |ltl 
oí l>c otlicrwisc. Dut ir unly a relativo, arbitrarily elioscn syslcin c 
cncc is possi ble, lite unavoidablc lask of man as a sclf-conscious anim¡ 
can be an observer of ils own cognitive processes is to explicitly choose 
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STAFFORD BEER 


PREPAC1! 


Tliis small book is very large: it contains the living universe. It is a privilege 
to be asked to write this preface, and a delight to do so. That is because I 
recognize here a really important book, both in general and speciftcally. 
Before talking about the specific contents at all, I would like to explain why 
this is in general so. 


C8EES 


IN GENERAL 

We are the inheritors'of categorized knowledge; therefore we Inherit also a 
world view that consists oí parts strung together, rathcr than of wholcs 
regarded through dlfferent sets of fllters. tlistorically, synthesis seems to have 
been too much for the liuman mind — where pratical affalrs were concerned. 
Tlie descent of the synthetic method from Plato through Augustine took 
men’s pcrceplion into iitcrature, art and mysticism. Tlie modern world of 
Science and tcchnoiogy is brcd from Aristollc and Aquinas by analysis. The 
calcgorizalion that took iiold of medieval scholasticisin has really lasted it 
uut. We muy scc with liindsight that the historie rcvolts against the sciiolastics 
did not shake free from the shackles of their reductionism. 

The revolt of the rationalists - Descartes, Spinoza, Leibniz - began from 
a principie of ‘methodical doubt’. But tliey beca me lost in inechanlsm, 
dualism, more and more categorization; and they ended in denying relatlon 
al together. But relation is the stuff of system. Relatlon is the essence of 
synthesis. The revolt of the empiricists - Locke, Berkeley, Hume - began 
from the nature of understanding about the environment. But analysis was 
slill the method, and categorization still the practical tool of advance. in the 
bizarro outeome, wlicrcby it was the empiricists who denied the very existcnce 
of the empírica! world, relation survived - but only through the concept of 
mental association between mental events. The system ‘out Hiere’, which we 
cali nature, liad been annihilalcd in tile process. 

Uy the time Kanl was devoling his prodigious mind to sorting all this out, 
tlie battle was lost. If the, quoting liini, unconscious understanding organizes 
sensory experience into schemata, while conscious understanding organizes it 
into categories, the notion of idenlity remains for Kant forever transcendental. 
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Now thc Individual lias vanisltcd, in practica! tcrms; as to tlic asscmblagc 
oí individuáis callcd socicly, llint loo lias vanislicd inlo a transcendental 
construct. Wc liavc lio iiccd lo legislalc lliroug.li any consensos of actual 
pcoplc, bul only lo mecí needs tlial might liavc ariscu froin Ilie nouincnal 
wlll. 

And wliat of Science ilsclf? Science is ordered kuowledge. II began wilb 
classification. F rom Calen in (lie sccond ce n tur y llirougli to Liunaeiis in (lie 
eighleenth, analysis and categorization provided I lie nalural iiistrunien lalily 
of scientifíc progress. Ally lilis fací witli lite I kground of pliilosopliical 
(liouglit, and (lie scene is sel for llic inexorable dcvelopincnl of llic world 
view (lia! is so dirficull (o challenge loday. II is a world view in whicli real 
syslcnts are anniliilalcd in Irying lo iindcrslaud llicm, in wliicli rclalions are 
losl becausc tlicy are no I calcgorizcd, iu wliicli synllicsis is relegalcd lo 
poclry and inyslicism, in whicli idcnlily is a polillcal infcrence. Wc may 
inspect the rcsult in thc slructure and organizalion of llie conlcmporary 
universlly. 

lt Is an Iron inaidcn, in wliose sccurc embrace scliolarsliip is Irapped. For 
many, thls is an entirely satisfaclory situalion, just because the embrace is 
secure. A man wlio can lay claim to knowledge about some calegorlzed bit of 
llic world, liowcvcr liuy, wliicli is grcalcr Iban anynnc clse’s kuowledge of 
(bal bil, Is safe for lite: rcpulalion grows, paranoia deepens. The niimbcr »»C 
papers incrcascs cxponculially, knowledge grows by inllnilesiiuals, bul 
understandiug of llic world aclually recodes, becausc llic world rcally is an 
inleracling syslcm. And sincc llic world, in many of ils aspeéis, is chaugiiig 
al an exponcnlial rale, Ibis kind of scbolarsbip, rooled in llic bislorical searcli 
of ils own sanctificd calegorics, is iu large parí unavailing to llic needs of 
mankind. 

Hiere lias bcen some recognilion of Ibis, and inler-disciplinary studies are 
by now commoiiplace inevery universily. Bul will Ibis deal witli llie problem? 
Unfortunalcly, it will nol. We slill say (bal a gradúale must have bis ‘basic 
discipline’, and Ibis lie is solcmnly taugli! - as if sucli a lliing liad a precise 
environnicntal corroíale, and as if wc know (bal God kucw (lie dilTcrcncc 
belween physics and cbcmislry. lie Icanis also llic acadcmic mores, calcbcs 
llie inslilutional paranoia, and procccds lo propágale the wliole business. 
Tlius it Is tliat an ‘inlerdiscipliuary sludy' oflcn consisls of a group of dis- 
ciplinarians bolding liands iu a ring for inulual comforl. The oslcnsiblc topic 
has sllppcd down tlic lióle in the muidle. Aniong (lióse wbo recognize (bis 
too, a nalural cnougli debate lias cusucd 011 llic subjecl: can an uudcrgradualc 
be lauglil ‘inlerdiscipliuary sludies' as bis basic subjecl? Bul tbere i¡#no sucli 
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subjecl; tbere is no agrecmenl on wlial it would be like; and we are ratlier 
sliorl of anyoiic nualificd lo do (lie leacbing. Tliose wbo rcsisl tbe wbole idea, 
iu my view correctly, say llial it would cudangcr llic norias of good scbolar¬ 
sbip. Tbere is a dcadlock. 

Against lilis background, let us consider Auíopoiesis, and try to answer the 
(¡ucslion: ‘Wliat is it?’ Tbe aulbors say: “Our purpose is to understand tbe 
organizalion oí living syslems in relalion to tlieir unitary cbaracler”. If tbe 
book dcals witli living Systems, tlicn it must be about biology. If it says 
auytbing scientifíc about organizalion, it must be about cybernetics. If it can 
recognize llic nature of unilary cbaracler, it must be about episteniology - 
and also (rcmembering tbe First author's massive contribulion to the under- 
slanding of pcrception) it will be about psychoiogy too. Yes, it is indeed 
about all Ihcsc Ibiugs. Will you liten cali Ibis an inlerdisciplinary study in tbe 
ficld of psycbocyberbioepistemics? Do so only if you wisli to insult tbe 
aulbors. Bccause their topic lias not slippcd down tbe lióle in tbe middle. 
Hiere loro it is nol an inlerdiscipliuary study of llic kind dclincd. II is not 
about analysis, bul synllicsis. II docs not play tlic Carne of tbe Catcgories. 
And it does not interrelate disciplines; it transcends tliem. If, because of my 
remarks about Kant, Ibis seems to say tliat it anniliilatcs tlicni, tlien we are 
gclling somcwhcre, 

l'or Hiere resides my bclicf iu llic book's general importante. The dissolu- 
lion of i tic dcadlock witliiu llic disclplinary syslcm (bal 1 dcscribcd above lias 
gtil lo be wic/risyslcmie, nol mercly inlerdisciplinary. Wc are not interested iu 
forming a leaguc of disciplinary paranoids,but(as llegcl could have lold us) in 
a liiglicr synllicsis oí disciplines. Wlial emerges üi (bis book is not classifiable 
under llic oíd calegorics. Thcrcforc il is prediclable that no universily could 
coulain il, allbougb all univcrsilics can and now do contain inlerdisciplinary 
inslitutioiis - bccause, in tlial very word, suitable obeisance is paid to llie 
hallowed calegorics, and no one cares if tbe answers slip down tbe lióle in tbe 
middle. As to tbe prediclion that universities cannot contain Ibis kind of 
work, I liave orlen scc il fuinilcd. In llie presenl case it is falsincd,and I offer 
hcarlfclt congralulations to llic Universily of Chile. 

I say ‘hcarlfclt’ for ibis rcason. In llic mounting pile ofncw books prinlcd 
every year tliat are properly called scienlific, one may take liold of one’s 
candlc and scarcli like a vcrilablc Diogcucs for a single one answcring to llie 
lioucsl crilcria I liavc proposed for a mclasystcmic ullcrancc. Títere is only a 
liaudful iu exislcnce al all, wliiclt is nol surprising iu view of llie way both 
knowledge and academia are organized. And yet, as 1 llave also proposed, 
hercin lies tbe world’s real need. If we are lo understand a newer and slill 
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evolving world; if we are to edúcate people to live in that world; if we are lo 
legisla te for that world; IT we are to abandon categorics and ¡nstitutions that 
belong to o vanlshed world, as It is wcll-nigh dcspnratc that wc shottld; tlicn 
knowledgc imist he rcwrlttcn. Aulopoicsis bclougs to thc ncw library. 

1N PARTICULAR 

The authors first of all say that an autopoietic System is a homeostat. We 
alrcady know wliat that ¡s: a dcvice for holdiug a critical systcmic variable 
witliin physlological limits. Thcy go on to the de finí tivc point: in the case of 
autopoietic homeostasis, the critical variable is tlie systeir ’• own organiza ¡ion. 
It does not niatter, it seems, whether cvery nreasurabte property of that 
organizatlonal structurc changes utterly in thc system’s process of continuing 
adaptatlon. 7/ survivcs. 

Thls Is a vcry cxciting idea to me for two rcasons. In the first place it 
solves the problcin of idcntity which two thousand ycars of philosophy llave 
succecdcd only in furthcr confounding. The scarch for (lie ‘it’ has led farther 
and farther away from anything that cominon sense could cali rcality. The ‘it* 
of scholastlcism is a niythological substancc in which anything attested by thc 
senses or (estable by Science ¡liberes as a mere accident — its existente is a 
inatter of faith. The ‘it’ of rationalism is unrcalistically schizophrenic, becausc 
It Is uncomprotnising in its duality — extended substancc and thinking sub- 
stance. The ‘It’ of cmplricisni is unrcalistically Insubstantial and ephenicral at 
the same time — esse est pcrcipi Is by no nicans thc verdiet of any cxpcrienciiig 
human bclng. 

The ‘It’ of Kant Is the transcendental ‘thing-in-itsclf’ - an untcstablc 
Inference, an intellcctual gcwgaw. As to thc ‘it’ of Science and teclmology in 
the twcntieth ccntury world of conspicuous consumption ... ‘it’ seeins to be 
no more tlian the collcction of epiphenoinena which mark ‘it’ as consumcr 
or consumed. In this way hardheaded rnaterialism seeins to make ‘it’ as 
insubstantial as subjective idealism inade it at the turn of the seveuteenth 
century. And this, the very lates!, (lie most down-to-earth, interpretation of 
‘it’ tile authors explicitly refute. 

Thcir 'it' is nollficd prcciscly by its survival in a real world. You cannot 
find it by analysis, bccause its categorics may all llave cltanged since you last 
looked. Títere is no necd to postúlate a mystical soniething which ensures the 
preservation of idcntity despite appcaranccs. The vcry continua (ion is ‘it’. At 
Icast, Lliat Is my understanding of thc authors’ thesis — and I note witli soinc 
glee that this incans that Disliop Uerkclcy got (he prcciscly rlght argument 
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precisely wrong. He contended that something not being observed goes out of 
cxistcncc. Aulopoicsis says that something that exists may turn out to be 
iinrccognizablc wlicn you next observe it. This brings us back to rcality, for 
tliat is surcly truc. 

The secoiul rcason why the conccpt of aulopoicsis excites me so mucli is 
that it involves the destruction of tcleology. Wlien this notion is fully worked 
out and debated, I suspect it will prove to be as importan! in the history of 
the philosophy of Science as was David Hume’s attack on causality. Hume 
considcred that causation is a mental construct projected onto clianging 
events which llave, as we would say today, associated probabilitics of mutual 
occurrence. I myself llave for a long time been convinced that purpose is a 
mental construct imported by the observer to explain wliat is really an 
cquilibrial phenomenon of polystable Systems. The arguments in Chapter II 
appcar to me to justify this view cumpletcly, and I Icave thc reader to engen- 
der Iris own cxcitement in thc discovcry of a ‘purposelessness’ that noncthelcss 
makes good sense to a human being - just bccause lie is allowed to kcep his 
idcntity, which alone is his 'purpose*. It is enougli. 

liut that saliitc lo tlic authors is also sclf-congralulation, and I turn quickly 
aside. If a book is importan!, if at any time and from any source infonmtion 
is reccived, (lien something is clianged - not mercly confirnied. There are two 
arguments in this book that llave clianged me, and one of tliem effected its 
cliange after a profound inward strugglc. Pcrliaps this part of the Proface 
should be printed as an epilogue: if i am not saying enough to be understood 
in advanee of thc rcading, tlicn I am sorry. It is too mucli to liope that the 
reader will rcturn. 

People who work with systeins-theoretic concepts liave often drawn atten- 
tion to the subjective nature of ‘the system’. A System is not something 
presented to the observer, it is something recognized by liirn. One of the 
conscquences of this is that the labclling of connections betwecn thc system 
and its eiivironment as eitlier inputs or outputs is a process of arbitrary 
distinction. This is not very satisfatory. For example, a motor car in action is 
cvidcntly a systcin. Suppose that it is recognized as ‘a system for going from 
A to B'\ tlien the water in the radiator is evidently an input, and displacement 
Is cvidcnlly un output. Now conslder thc following sccnarlo. Two men 
approach a motor car, and pusli it towards a second motor car. They (lien 
coimcct Ule batteries of the two cars with a pair of leads, and the engine of 
thc first car fires. Tliey discoimect thc leads, and run the engine liard in 
neutral gcar. We can guess wliat they are doing; but how is the objcctlve 
scicntist going to describe that system? Displacement Is evidently an input, 






Oh first rcading, lilis sccmcü lo me plainiy wrong. In llic luimbcrcü kiiown Ihis, or ouglil lo 

rapli (v) orScclion 3 of Cliapler IV llicy say: “Nolions sucli ascoding, book givcs us llic llicor 

igc or iuCoimalion are nol appiicabic lo llic pliciioiiicnon ol scir-ic- somclliiiig f'uiidaniciilal 

iction”. Wrong again, i considcrcd; indeed, oulragcous - cspccially wlicn lliat lias any rclevance ii 
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adaptatlons; and tlicy can be hclpcd hy good scicutists usingsystcms-lhcorctic 
modcls'. Stupid politicians do not undcrstaud wliy social iustitutions do not 
lose tliclr ldentitics ovcruiglit wlicn tlicy are prescutcd witii perfectly logical 
rcasons why tlicy sltould; and (hese are hclpcd by bad scientists who devote 
tbelr effort to developing tliat irrelevant logic. 

In an era wben rapid institutional chango is a prcrcquisitc of pcaccfu! 
survlval In the face of cvery kind of cxpoiicntially risiug tlircat, it seems to 
me lltat the arcliitccts of cliangc are making the same mistakc all over tlic 
world. It Is lliat tlicy pcrceive the system at tlicir own level of rccursion to be 
autopoietic, wliicli is becausc they identify themselvcs witli tlial system and 
know themselvcs to be so; but they insist 011 treatiug the systcins their system 
contatos, and those witliin which their system is 'ontained, as allopoietic. 
Tliis is allowablc in terms of scientific dcscription, wtien the input and output 
surfaces are corrcctly dcftned. Nonethcless it is politically blind to react 
towards (he container and contained Systems in a way which makes such a 
model cvldent, becausc at these otlier levéis of rccursion the relevan! systcms 
percelvc themselvcs as autopoietic too. Jf 

Thls statcmcnt seems to be wortli making. I could not liavc made it so 
succlnctly wlthout the language dcvclopcd in Ibis book. i could not liavc 
forunilatcd It at all wlthout the new concepta tliat Humberto Matmana and 
Francisco Varcla liavc taught me. I tliank tlicni botli very uiucli, 011 bclialf 
of everyonc. 


Stafford Beer 
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So long as ideas of the nature of livtng things 
lemain vague and ill-dcfincd, it isclcarly inipossible, 
as a rule, lo distinguisli bctwccn an adaptation of 
the organism to tlic environment and a case of 
litncss of tlic environment for lifc, in the very inosl 
general sense. Evidcntly to answcr such questions 
wc must possess clcar and precise ideas and defini- 
lions of living things. Life must by arbitrary 
process of logic be changed from Üie varying thing 
which it is into an independen! variable or an 
invariant, shorn of nrany of its most interesting 
qualitics to be sure, but no longer inviling fallacy 
tlirough our inability to pcrceive clearly tlie 
questions involved. 

Ilcndcrson, The Fimess of the Environment 


AUTOPOIHSIS 
The Organization of the Living 
INTRODUCTION 

A universo comes into bciug wben a spacc is severed into lwo. A unity is 
defined. The dcscription, invention and inaiiipulalion of unities is at the base 
of all scientific inquiry. 

In our common cxperience we encounter living systems as unities that 
appear to us as autonomous enlities of bewildering diversity endowed with 
the capacity to reproduce. In these eucounters autonomy apears so obviously 
an essential feature of living systems that whenever something is observed 
that seems to liavc it, the naive approach is to deem it alive. Yet, autonomy, 
although coutinuously revealed in the seif-asserting capacity of living systems 
to inaintain their identity througli the active coinpensallon of deformallons, 
seems so far to be tile most elusive of their propcrtics. 

Autonomy and diversity, tlic maiiitcnancc of Identity and the origln of 
variation in tlic modc in which tliis identity is maintained, are the basic 
challenges presented by the plicnomenology of living systems to which men 
liave for ccnturics addrcssed their curiosity about Ufe. 
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In the searcli for an understanding of autonomy classic lliotigltl, tlominatetl 
by Aristotle, crcatcd vitalism by cndowing living systcms willi a non-material 
purposeful driving componen! (lia! attained expression Ihrougli llic realizalion 
of tliclr fonns. Aftcr Aristotle, and as variations of bis fundamental nolions, 
the hlstory of biology records inany thcorics wliicli attempt in one way or 
another to cncompass all the plicnomcnology of living systcms under somc 
peculiar organizing forcé. Ilowcvcr, the more biologists lookcd for the cxplicit 
formulation of one or other of these spccial organizing forccs, the more thcy 
were disappointed by finding ouly wliat thcy could find auywhcrc elsc in the 
physical world: inolccules, potentials and blind material intcractions governed 
by aimless physicallaws.Thencc,under the pressure of unavoidablc experience 
and the definite tluust of Cartcsian thought a differci outlook emerged, 
and mechaniclsm gradually gained the biological world by insisting that the 
only factors operaling in the organizaron of living systems were physical 
factors, and that no non-matieral vital organizing forcé was necessary. In fací, 
it scems now apparcnl that any biological phcnoincuon, once propcrly 
deflncd, can be dcscribcd as nrising from the intcrplay of physicochcmical 
proccsscs whosc rclatlons are spccificd by the conlcxt ol ils delinition. 

Divcrsity has bccii removed as a sourcc of bcwildcnncnt in the under- 
standlng of the phcnomcnology of living systcms by Dnrwiniau thought and 
partlculalc gcnctics whlch llave succccdcd in providing an cxplanation lor il 
and lis origin without resortiug to any peculiar dircctiug forcé. Yel, the 
influence of these nolions through their cxplanation of evolutionary change, 
has gone beyond the mere accounting for divcrsity: it has shifted complclcly 
the emphasis in the evaluation of the biological phcnomcnology from the 
Individual to the spccies, from the unity to the origin of its parís, from the 
presen! organizalion of living systcms to their ancestral detennination. 

Today the two sircaros of thought rcprcscntcd by the physicochcmical 
and the evolutionary cxplanations, are braided logether. The molecular 
analysis scems to allow for the understandiug of reproduction and varialion, 
the evolutionary analysis scems to account for how these processcs nrighl 
have come luto being. Apparcntly wc are at a point in the history of biology 
wherc the basic difficultics have bccit removed. Biologists, howcvcr, are 
uneomfortable wltcn they look at the phcnomcnology pf living systcms as a 
wholc. Many manifest this discomforl by refusing lo say what a living syslem 
is. Othcrs attempt to encompass present ideas under comprchensive theories 
governed by organizing nolions, likc cybcrnclic principies, that require from 
the biologists the very understanding that Ihcy want to provide. The ever 
present qucslion ¡s: ‘What is common to all living systcms that wc qualify 


■ UTOFOIESIS 


75 


Ihcm as living’; if not a vital forcé, if not an organizing principie of some 
kind, what tiren? To takc only a notable rcccnt cxample let us mention J. 
Monod's book Le hasard et la necessilé. Me tries to answer this question bul, 
foilowing the emphasis of evolutionary thought, he postúlales a leleonomic 
organizalion of molecular nalure and the subordinaron of lite organizalion 
of the individual (o a plan defined by tire spccies, in wlticli the invariance of 
reproduction is dctcrmimmt. Yct, leleonomic and evolutionary nolions Icavc 
the question of llic nalure of the organizalion of tire living unity essciilially 
untouchcd. 

Our endeavor is to disclose the nature of the living organizalion. However, 
in our approach we ntake a starling point of the unitary character of a living 
syslem, and maintain that the evolutionary thought through its emphasis on 
diversily, reproduction and the species in order to explain the dynamics of 
changc has obscured the necessity of lookiug at the aulonomous nature of 
living unilies for the understanding of the biological phenomenology. Also 
wc llrink that the maiulenance of idenlity and the Invariance of defining 
rclations in the living unilies are at tire base of all possiblc ontogenia and 
evolutionary transformaron in biological systcms, and this wc iiitcnd lo 
explore. Thus, our purpose is: to understand the organizalion of living 
systcms in rclation to their unitary character. 

Our approach will be mcchanistic: no forccs or principies will be adduccd 
which are not found in the physical universe. Yet, our problctn is the living 
organizalion and therefore our iuterest will not be in properlies of com- 
poncnls, bul in processcs and relalions betweeu processcs realized (hrougli 
componen Is. This is lo be clearly undcrslood. An explauation is always a 
reformulation of a phenomenon showing how its components generate it 
through their intcractions and rclations. Furthcrmore, an explauation is always 
given by us as observers, and it is central to distiuguish in it what pertains to 
the systcm as conslilulive of ils phcnomcnology from what pertains lo our 
domain of descriplion, and henee to our interactions willr it, its components 
and (he conlext in which il is observed. Since our descriptivo domain arises 
bccausc wc simullancously behold the unity and ils intcractions in the domain 
of observaron, nolions arising in the domain of descriplion do not pertain lo 
the conslilulive organizalion of Iho unity (phertomeuoii) lo be explained. 
Furthermore, an explanation may lake differenl forms according lo the 
nature of the phenomenon explained. Thus, to explain the movemenl of a 
falling body one resorts to propcrtlcs of matter, and to iaws that describe 
the couducl of material bodics according to these properlies (kinetic and 
gravitalional Iaws), whilc lo explain the organizalion of a control plan! one 
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resorts lo rclalions and laws tlial describe lite conduct of relalions. In lite ílrsl 
case, Ihe elentcnls used In lite explanalion are bodics and tlicir properlies; in 
thc second case, lltcy are relalions and lltcir rclalions, indepcndcnlly of 
thc nalurc oí lite bodies lltal salisfy llictn. As in lilis lallcr case, in onr 
explanalion of llic organizalion of living syslenis, we sltall be dealing willi 
llie rclalions wlticli llic aclual pltysical componcnls niust salisfy lo conslitule 
one, nol willt lite idenlincalion of lítese componcnls. Il is our assumplion 
ihat lltcrc ¡s an organizalion llial is conunon lo all living syslcms, wltielicvcr 
(he nature of lltcir componcnls. Sincc our snbjecl is litis organizalion, nol lite 
particular ways in wliiclt il may be realizcd, wc sltall nol makc dislinclions 
belween classes or types of living syslcms. 

Tltls inodc of llilnking is nol uew, and is explicitly related lo lite very 
ñame of inecltanlcism. We mainlain lltal living syslcms are machines and by 
doing litis we poinl al scvcral notions wliich sltould be made explicil. First. 
we iinply a non-anímislic view wliiclt il sltould be unneccssary lo discuss any 
furlhcr. Second, wc are cmphasiziitg tlial a living syslcm is defined by ils 
organizalion and, henee, lltal il can be cxplaincd as any organizalion is 
explained, lltal is, in icrms of rclalions, nol of cotnponcnl properlies. Finally, 
we are polnling oul from lite slarl lite dynamism apparcnl in living syslcms 
and wliieh thc word 'machine’ comióles. 

We are asking, llicn, a fundamental queslion: ‘Wltal is Ihe organizalion 
oí living syslcms, wlial kind of machines are lltey, and how is llicir phenome- 
nology, including reproduelion and evolutiou, dclcrmincd by lltcir miilavy 
organizalion?’ 


CUAPTER l 


ON MACHINES, LIVING AND 0 THERW 1 SE 


I. MACHINES 

Machines are usually viewcd as concrete hardware syslcms, defined by lite 
nalurc of lltcir componen Is and by thc purpose lltal lltcy fulfill in their 
operalions as man-made arlifacls. Tltis view however is obviously naive 
bccausc il says nothing aboul how lltey are constiluted. Tlial machines are 
unilics is apparenl; that llicy are inade of componenls (hat are charactcrized 
by cerlain properlies capable of salisfying certain relalions tlial determine in 
lite uniiy the inleraclions and (ransforniations of lítese same componenls 
is also apparcnl. Wltal is nol so apparcnl is lltal lite aclual nalure of lite 
componcnls, and the particular properlies lltal lítese may possess ollter (lian 
litóse parlicipating in Ihe inleraclions and Iransforinalions whicli conslitule 
lite syslcm, are irrclevanl and can be any. ht fací, lite significan! properlies 
of lite componcnls musí be lakcn in lerins of rclalions, as Ihe nclwork of 
inlciactions and Iransformalions ¡rilo which lliey can enler in Ihe working 
of Ihe machine which llicy intégrale and conslitule as a uniiy. 

Ilic rclalions llial dclinc a machine as a unily.and determine ihe dynamics 
of inleraclions and Iransformalions wlticlt il may undergo as suclt a unity, 
conslitule lite organizalion of llie machine. Tlie actual relalions which liold 
among Ihe componenls which inlegrate a concrete machine in a given space, 
conslilulc ils structure. The organizalion of a machine (or syslcm) docs nol 
spccify lite properlies of lite componciiis which realize the machine as a 
concrcic sysiem, il only spcciftcs the relalions which lliese musí genérale lo 
conslilulc lite machine or syslcnt as a unity. Tltercfore, thc organizalion of 
a machine is indcpctidcnl of lite properlies of ils componenls which can be 
any, and a given machine can be realizcd in ntany diffcrcnl manners by many 
differcnl kinds of componenls. in ollier words, although a given machine can 
be realized by many diffcrcht slruclures, for il (o conslitule a concrete entity 
in a given space ils aclual componcnls musí be defined in llial space, and llave 
lite properlies wlticlt allow thcin lo generale the relalions which define il. 

The use lo which a machine can be pul by man is nol a fcature of the or- 
ganization of lite machine, bul of thc doniain in which thc machine opérales, 
and hclougs lo our dcsciiplion of lite machine in a contcxl wider litan lite 
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machine llsclf. Tlils Is n slgiillleiinl notion. Man made inaclilncs ¡uc all mude 
willi somc purposc, praclical or nol, bul willi somc aim (cvcn ifil isonly lo 
anuise) tliat man specifies. 'l ilis aim usiially appcars expressed in tlic producl 
oí tiic operalion of llic machine, bul nol ncccssaiiiy so. Ilowcvcr, wc use tlic 
notion oí purpose wlicn talking oí machines bccausc it calis inlo play llic 
imaginalion of (he lisicncr and reduces (lie explanalory lask in (lie efforl of 
conveying (o him (he organizaron of a particular machine. In ollier words, 
with (he notion of purposc wc induce ihc lisicncr lo invent (lie machine we 
are talking aboul. Tliis, liowcvcr, should nol Icad us lo believe lliat purposc, 
or aim, or funclion, are conslitulivc propcrlies of Ihc machine wliich wc 
describe willi them; such nolions are intrinsic lo llic domain of observation, 
and cannol be used (o characlerize any parlicular lype of machine organiza¬ 
ron. Tile producl of lile operations of a machine, liowcver, can be used lo 
tliis end in a non-trivial manner in (lie domain of dcscriplions generated by 
the observer. 


2. LIVING MACHINES 

Tlial llving syslems are machines cannol be sliown by pointing lo llicir 
componcnls. Uullier, eme musí sliow llicir organi/.alion in a manner such dial 
tlie way In wliicli all llicir peculiar propcrlies arisc, bcconics obvious. In order 
to do lilis, wc shall First characlerize tlic kind of machines tlial living syslems 
are, and (lien show liow the peculiar propcrlies of living syslems may arisc as 
conscqucnccs of tlic organizalion of lilis kind of machines. 

a. Autopoielic machines 

Hiere are machines wliicli mahitain conslaiil, or withln a limited rauge of 
valúes, somc of llicir variables. Tlic way tliis is expressed in tlic organizalion 
oí these machines must be such as lo define tlic proccss as occurring coin- 
plctcly witliin the boundarics of tlic machine wliicli tlic very same organization 
specifies. Such machines are homcoslalic machiiics and all fccdback isinlcriial 
to them. lf onc says tlial Hiere is a machine Ai, in wliicli Hiere isa fcedback 
loop through tlic ciiviroiimciil so llial tlic cffccts of ils outpul affect lis 
input, one is in fací talking about a largor machine M' wliicli ineludes tlic 
environmcnl and the fcedback loop in its defining organizalion. 

Autopoielic machines are honieoslalic niacliines. Tlieir peculiarity, how- 
ever, docs nol lie in tliis bul in (lie fundamental variable wliicli llicy inainiain 
conslanl. An autopoielic machine is a machine organizcd (defined as a unity) 
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as a network of proccsscs of production ( transformado ii and dcslruction) of 
componcnls tlial produces the components which: (i) through their inter¬ 
ne tions and trausformations continuously regenérate and realize the network 
of proccsscs ( relalions) tlial produced them; and (ii) constitute it (the ma¬ 
chine) as a concrete unity in the space in which they (the components) exist 
by specifying the topological domain of its realization as such a network. It 
follows that an autopoielic machine continuously generales and specifies its 
own organization through ils operation as a system of production ofitsown 
componcnls, and does lilis in an endless turnover of components under 
coudilions of continuous perturbations and compensalion of perturbations. ( 

Thcrcforc, an autopoielic machine is an homeoslatic (or rallier a rclalions- '$ 

slalic) system wiiicli has its own organization (defining network of relalions) ij 

as the fundamental variable which it maintains conslanl. Tliis is to be clearly 5 

umlcrstood. Evcry unity has an organizalion specifiable in lerms of staticor f 

dynamic rclalions bctwccn elemciits, proccsscs,or botli. Among these possible i 

cases, autopoielic machines are unilics wliose organization is defined by a 9 

parlicular network of processes (relations) of production of components, , J 

tlic autopoielic network, not by the components themselves or their static | 

relalions. Since the relations of production of components are given only as i 

processes, if tlic proccsscs stop, the relations of production vanislr; as a rcsull, / 

fm a machine lo be autopoictic, ils defining relalions of production must be I 

continuously regcncrated by the components which they produce. Furlhcr- ) 

more, tlic network of processes which constitute an autopoictic machine is a j 

unilary system in the space of the components that it produces and which ¡ 

genérale the network through their intcractions. Ihc autopoietic network of í 

processes, (lien, differentiates autopoictic machines from any otlier kind of j, 

unit. In fact: (i) in a man-niade machine in the physical space, say a car, J 

Hiere is an organization given in lerms of a concatcnatlon of processes, yet, ■' 

lítese proccsscs are not proccsscs of production of the components which 
spccify the car as a unity sincc the components of a car are produced by 
ollier proccsscs which are indcpeiidcnt of tlic organizalion of Ihc car and ils , 

operation. Machines of tliis kind are non-autopoielic dynamic syslems. (ii) 

In a natural physical unily like a cryslal, the spatial relations among the 

componcnls spccify a lattice organization which defines it as a nicmber of a 

class (a crystal oí a particular kind), wliile tlic kinds of components which 

constitute it spccify it as a particular case in tlial class. Tlius, the organization i 

of a cryslal is specificd by the spatial relalions which define tlic relative I 

position of its components, wliilc these spccify its unity in the space in which 

they exist - the physical space. Tliis is not so with an autopoietic macliine. In 







80 HUMBERTO R. MATURAN, 


,NI) FRANCISCO J. VAREL¡ 


fací, altliough wc lliul spalial rclations ¡minng lis componcnls wlicnovcr wc 
actually or conccplually frcczc II for an ohscrvnlion, llic observed spalial 
rclatlons do nol (and cannot) define ¡I as autopoictic. Tbis is so bccausc lite 
spalial rclatlons bctwccn llic componcnls of an autopoictic machine are 
specified by (lie nctwork of proccsscs of pmduction of componcnls wliicli 
constitutc Its oiganization and (bey are tlicicrorc ncccssarily in conlinuoiis 
cliangc. A crystal organizaron liten, lies in a different domain litan lite 
autopoietic organization: a domain of rclations betwccn componcnls, nol of 
relations betwccn processes of produclion of componcnls; a domain of 
proccsscs, nol of concatcnation of proccsscs. Wc normally acknowlcdgc Ibis 
by saying tbat crystals are static. 

It is importan! lo realizo tbat wc are not using (lie tcr. organization in tbe 
definition of an autopoictic machine in a mystical or transcendental sense, 
prctcnding tbat it lias any cxplanatory valúe of its owu. Wc are using it only 
to refer to tbe spcciílc rclations tbat define an autopoictic systcm. Tbus, 
autopoietic organization simply tneans processes interlaccd in lite specific 
forin of a network of productions of componcnts wlticb realizing tbe network 
tbat produced tlicm constitute it as a unily. It is for tbis rcason tbat wc can 
say tbat every time tbat tbis organization is actually rcalizcd as a concrete 
systcin in a given spacc, tbe domain of tbe deformations whicli tbis systcm 
can witbstnnd wilboul loss of idcnlily wbile mainlaining conslaul its organiza- 
tion, is tbe domain of changos in wlticb II cxisls as a unity. It is tbus clcar tbat 
tbe fací (bal autopoictic systcms are homcoslalic syslcms wlticb llave tlicir 
own organiza i ion as lite variable tbat (bey mainlaiii conslaul, is a ncccssary 
conscqucncc of tbe autopoietic oiganizalion. 

Tltc consci|ueiiccs of tbis autopoictic organization are paramount: 

(i) Autopoictic macltincs are autonomous; tbat is, tlicy subordínate all 
changos to lite niaintenancc of tlicir own organization, ¡ndcpcndently of 
Itow profoundly tlicy may otbciwisc be transformed in tbe proccss. Ollter 
macltincs, bciiccforlb callcd allopoiclic macltincs, Itavc as tbe product of tlicir 
functioning somcibing difieren! from tbcmsclvcs (as in lite car cxamplc). 
Since tbe changos tbat allopoiclic macbincs may suffer witbout losing tlicir 
definitory organization are nccessarily subordinated to lite production of 
sonictbing different from tbcmsclvcs, llicy are nol autonomous. 

(il) Autopoictic machines Itavc individualily; tbat is, by kccping tlicir 
organization as an ¡nvariant tbrougb its contimious production titey actively 
maintain an idcnlily wlticb is independent of tlicir iiilcractions witli an 
observer. Allopoiclic macbincs Itavc an ¡dentity tbat depends on lite observer 
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and is uot delcrmincd tbrougb lltcir operalion, bccausc lis product Is difieren! 
Irom llicmsclvcs; allopoiclic macbincs do not Itavc individuality. 

(iii) Autopoictic machines are unitics bccausc, and only because, of 
tlicir spcciílc autopoietic organization: their operations spccify tlicir own 
boundarics in tbe processes of sclf-production. Tbis is not tbe case witli an 
allopoiclic machine wliose boundaries are defined by tbe observer, who by 
spccify¡ng its input and output surfaecs, specifies wliat pertains tó it in its 
operations. 

(iv) Autopoictic macbines do not liave inputs or outputs. Titey can be 
perturbated by independent events and undergo internal structural changes 
wlticb compénsate lítese perturbations. If tbe perturbations are repeated, 
Ule machine may undergo repeated series of internal cltanges wlticb ntay 
or may not be idcntical. Whichcver series of internal cltanges takes place 
howcvcr, titey are always subordinated to tbe maintcnancc of tbe machine 
organization, condition wlticb is definitory of tbe autopoictic machines. Tbus 
any relation bctwecn lítese cltanges and tbe course of perturbations to wlticb 
wc ntay point to, pertains to tbe domain in wlticb tbe machine is observed 
but not lo its organization. Tltus, altliough an autopoictic machine can be 
tremed as an allopoiclic machine, tbis trcatuicnt docs not reveal its organiza- 
lion as ¡iii aulopoielic machine. 

An organization may rcniain constan! by being. static, by mainlaining its 
coinponcitls conslaul, or by mainlaining constaul certain rclations betwccn 
componen Is othcrwlsc in continuous ilow or chango. Autopoietic macbines 
are orgauizations of lite latter kind: titey maintain constant tbe relations tbat 
define lliem as autopoietic.The actuaJ way in wliich suclt an organization may 
nt fací be implcmcnted in tlte pbysical space, tbat is, tbe physical structure 
of tbe machine, varíes according to (lie italure (properties) oí lite pbysical 
malcriáis wlticb embody it. Tltereíore títere may be ntany different kinds oí 
autopoietic machines in (be pltysical space (pbysical autopoietic machines)- 
all of tlicm, howcvcr, will be organizcd in suclt a manucr tbat any pbysical 
interfercncc witli lltcir operalion outside their domain of compensations will 
result in their disintegration: tbat is, in tbe loss of autopoicsis. It also follows 
tbat tbe actual way in wlticb lite autopoietic organization is realized in one of 
lítese machines (its structure) determines tltc particular perturbations it can 
suffer witbout disintegration. and henee, tbe domain of interactions in wlticb 
.t can be observed. lítese reatures of tbe actual concreteness of autopoietic 
machines embodicd in pbysical Systems allow us to talk about particular 







followlng are some of tírese reasons: *l ,c thcorctical franrework in wlrich ¡I took place. 

(i) Machines are gencrally viewcd as human nrade artifaets witlr conrpletcly Our ainr was to propose the characlerization of livmg Systems tliat explains 

known dclcrmiitisllc properllcs wlrich tttake tliem, at least corrceptually, the generation of all the phenomena proper to them. We have done tlüs bv 








independen! from us, tliey 



Tclcology and teleonomy are notions cmployed in discourse, descriptive and 
cxplanatory, about living systcms, and althougli it is claimed tliat they do not 









posclcss syslci 
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wc projcct lilis systcm upon (lie space of 



• (i) Allhougli indeed energetic and therniodynamic considerations would 

, , , necessarily enler in the analysis of how llie components are physically con- 

nt.on lliat phys.cal autopo.el.c Systems are hv.ng Systems requ.rcs «tituled. and in the dcscription of their proper lies iu a specific domain of 

i lita, a l the phcnomcnology of a livi.ig systcm can be eitl.er rcduccd intcraclions.such tl.at llicy may salisfy the requirements of their participation 





(i) Production of CoiiUilu 








ouy place is not coiupcnsatcd by biinging lite syst 
te of its componcnts as it would be dcscribcd by pr 








¡r factibility, aiul tlie otlier to (lie possibility of (he 
ce. The first aspee! can be stated in (lie (ollowing i 








dlslinclion [llic dlslinctivcncss and distinguisliing of unily], (lien, is not an ollicrwisc be transformed In (lie proccss of malntaining Us autopoicsis. 

abstrae! noiíon of purcly conuepliial validily l*>i dcscriplivc 01 ¡innlylical 

purposes, bul ii is an operativo nolion referring lo llie proccss llirough 0 V ) Only aflcr a unily lias been constitutcd as an aulopoiclic unily 

wliicli a unily bcconics asscrlcd or dclíncd: llic condilions wliicli spccify a (individual) can rcproduction lakc place as a biological plienoinenon. 



unily, it iinplies total subordination of tile phenonienology of tile syster 
> tlic inaintcnancc of ils unily. Tliis subordination lias (lie following cor 









nology of tlic aulopoiclic orgauization (hese lwo sources of perturbalíons are a particular autopoicsis tliat in its dctcrinlnation is, necéssarily, a function 

indistinguisliablc, and in cacli aulopoiclic System thcy braid together lo forin of bolli tlic plasticily of (lie coniponents of lite system and tire history of its 

a single onlogcny. Unís, allliuugli in an aulopoiclic syslcm all cliangcs are inlcraclions. 






duriug autopoiesis of a pre-cxisting fu 



I 


Reproduclion rct|uircs a unily lo be rcproduccd; Ibis ¡s why rcproduclion is is co uplc<l lo the process of its own produclion. Il is apparent that only 

opcrationally sceondary lo llic cslablislunenl of lite uuily, and il cannol cnlcr aiilopoiclic syslcms can selí-rcproducc bccausc only llicy are realized tlirougli 

as a dcfinnig fcalnrc of llic organi/.alion of living syslcms. P'urllicmiorc, a proccss ofsclf-produclion (aulo|x>icsis). 








f tlie pheiiomcnon scqucntial rcproductive cases iloes a cliange in tlie struclure of a unity af- 

s a plicnoinciHin is fccl llie structurc of Lite otlicrs yet Lo be produced, and, indepcndcntly 

jentially produced of whctlicr tlicy are aulopoictic or not, tliey do not constitute a liislorical 








topoiclic syslcins bcforc Ihal, llicir (Jiffcrcnt pallcrns of rcalizaliou did rcgularily and frequcncy of sclf-reproduclion) lo (he cxlent of making it 

l evolve, and llierc was only llic hislory of llicir independent ontogenics. Independenl of external accidental Torces. Once (lie niosl simple self-re- 

producing process takes place in an autopoietlc System, evolution Is on lis 
(¡v) Sclcction, as a proccss in a population of unilies, is a process of course and sclf-reproduclion can enlcr in a hislory of change.wilh theensuing 



it rcpmduc- Ihal can l>c realized. In a populalion of autopoiclic unilies selection is a 

sproduclion process of differenlial realiza tion of aulopoiesis, and, henee, if Ihese are self- 








(vil) A spccles 1 $ a populallon or colleclion oí populations of rcproduc- from thc doniain in whlcli liie componenl-coupleü unities relain tlielr iüentity. 

vely Inlcrcüiiiieclcü individuáis wliich are tlius nodes in a hislorical uetwork. The way in whlcli lilis takes place, as well as thc doinain In whicli Ihe new 

cnetically tírese individuáis sharc a gcnelic pool, lliat is, a fundamcntally uuily is rcallzcd.dcpcnd on thc propcrtics of the componenl unities.Coupling 



protein spccification. Wc tliink lliat lilis could nol have been so if the I descriptive scnse lilis is meaningrul because a particular species as an existing 






oiclic systcin and the obscrvcr is mistakcn. The apparent autopoiesis pcrccplual dimensions. In tlie firsl case, thc ob 

:li a systcin is incidental lo the autopoiesis of lite couplcd unitics wliicli wliicli is not coinniensurate witli tile autopoi 










tenis bccome ncccssarily subordinalcd, in lite way tliey realize tlieir auto- 
poiesis, tu tlic maintcnancc of lite aulopoiesis of tbc Itiglier order autopoictic 
unity wliich, tluougli their coupling, tlicy define topologically in the physical 




unity. Furlhernture, it is lo be expccted tliat if the proper con Ungen 

(.i) An autopoietic system can bccome a componen! of anotber systcm ir given, | lig |, cr order aulo p 0¡e , ic ullities wi || be foimed , hrough 

me aspeets of iis path of autopoictic el tange can particípate in the realiza- fac(> if C ouplit,g arises as a fom , of sa( ¡ s f y ¡ ng au iopoiesis, a secón. 







systcm by the concalcnatioii üf processes of production as abstracted processes, thcy in fact correspond to slaticál or allopoie 

.cncratc lite processes lliat produce lliem and constitulc mcclianical phenomena. In sucli a case, any coimeclion between (lie slati 



lie system as a unity in the physica! space, biological phenomena are neces¬ 
aria phenomena of rclations between processes which satisfy lite autopoiesis 
>f the participant living Systems. Accordingly, under no circumstances is a 
tiological phenomeiion defined by lite properties of ¡ts componen! elements, 
tul it is always defined and constituted by a concatenation of processes in 







na ture of (lie biological plicuonicuology: (lie biological plicnomcnology nolioiis at (lie molecular Icvcl (miclcic acids or proleins); or wlieii organisr 

ot Icss aml not more litan (lie plicnonicnology of autopoiclic Systems ¡n nolions are used dial cmpliasizc lite unilary charactcr of living systems bul 

pitysical space. nol provide a nicchanisni for (lie definilion of (lie individual. Tliesc nolU 








116 IIUMIIi:i< i O K. MA’IUKANA AND l'K A NCISCO J. VAKMI./ 





atlaincd tlirough successful autopuiesis. 









by deílnlng it. New problc 
Uve; in particular, tliosc v 









(I) Tile oiganism, including Ihe nervous syslcm, provides thc pliysical and of thc collcetor surface of tlie receiving neuron wliicli niay le 



(ii) Tiicre are States of the organism (physical and biochemical) wliich 
auge the State of activity of the nervous system as a wliole by acting upon 
e receptor surfaces of soine of its componen! neurons, and thus lead to (iii). 





rturbation are fully 



all rcacli ils effector surfacc, ur rcaches Froni Üie descriplive point of view it is possible to say that tire properties of 





iability in (lie 

























dcsigu (I 






MüCIIANICAL l’IIENOMENOLOGY: (lie phcnomcnology generated by ' SliLF-REPRODUCTION: wlicn a unity proel 



COUPLING (OF UNITIES): whc 








of the IRE 47, 










' of lite Ihilphtn (Doublcdiiy ¡iml (\ 











BOSTON STUDIES IN THE IMIILOSOPI1Y OF SCIENCE 










nd Raliunality. 1980. 



58. Gcraul Radnilzky and Gunnai Andcrsson (cd$.), ProgressattdRalionaliiy inScit 









